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Abstract. Based on a complex examination 46 of 
schoolchildren suffering from severe asthma, we estab-
lished that greater proportion of schoolchildren with exer-
cise-induced asthma was with symptoms of mucospin hyp-
ereosinophilia (average content of eosinophilic granuloc-
ytes over 8 %) than children suffering from severe type of 
the disease, with no signs of exercise-induced bronchoc-
onstriction. The bronchi of the schoolchildren with severe 
exercise-induced bronchial asthma are hyperresponsive to 
histamine, significantly greater proportion of patients with 
severe airway hypersensitivity to histamine (PC20H<0,5 
mg/ml) among the children exercise-induced asthma than 
those without phenomena of exercise-induced constriction. 
Key words: children, exercise-induced bronchial 
asthma, bronchial inflammation, airway hyperres-
ponsiveness. 
Introduction. Bronchial asthma (BA) is one of 
the most common chronic multifactorial diseases of 
the lungs that is formed by the combination of genet-
ic susceptibility and influence of environmental fac-
tors [1]. At least 10-12 % of patients with bronchial 
asthma (BA) are suffering from a severe form of the 
disease, which is uncontrollable, despite avoiding 
contact with trigger factors of the environment, per-
forming an adequate therapy and optimal patient 
compliance. [2]. Severe asthma in children is charac-
terized by persistent symptoms despite treatment 
with high doses of inhalation corticosteroids or use 
of oral corticosteroids [3]. Children suffering from 
severe asthma are at an increased risk of adverse 
effects, particularly related to the side effects of hig-
h-corticosteroid therapy, and also due to frequent 
life-threatening exacerbations, which impair their 
quality of life significantly [4]. Based on the features 
of controlled therapy from this cohort of children we 
single out patients with difficult-to-treat asthma and 
those with therapy-resistant asthma. It is recognized 
increasingly that severe asthma is a very heteroge-
neous disease associated with the presence of a num-
ber of clinical and inflammatory phenotypes [3], 
including neutrophil ones [4] and eosinophilic ones 
[5], the first of which can cause deterioration of con-
trol under the influence of a specific cytokine casca-
de [4], and the latter one provides for additional co-
mponents of the basic therapy [5]. Exercise-induced 
bronchospasm, which occurs quite frequently in chil-
dren with BA, can be considered a separate phenoty-
pe [6, 7]. The term "exercise-induced bronchoc-
onstriction" describes a transient airway narrowing 
after exercise, it is one of the options of bronchial 
hyperreactivity, defined as the tendency of the airwa-
ys to easier and faster narrowing in response to a 
large variety of bronchoconstriction stimuli. As hyp-
erreactivity of airways is a characteristic feature of 
asthma, and the ratio of phenotypes of severe asthma 
and exercise-induced asthma in children, according 
to the literature, is disputable and poorly studied, it is 
appropriate to study the factors, characterizing the 
basic phenomena of the disease in children suffering 
from severe asthma with and without exercise-
induced bronchoconstriction [8]. 
The objective of the paper was to analyze mar-
kers of inflammation and bronchial hyperres-
ponsiveness in school-age children, having severe 
exercise-induced asthma. 
Material and methods. Based on the pulmona-
ry department of Regional Children’s Clinical Hospi-
tal (Chernivtsi), we examined 46 children with sever-
e persistent bronchial asthma. The diagnosis of the 
disease and its severity were verified on the basis of 
existing national [9] and international [10] regulatory 
documents. Signs of a provocative role of exercise 
for asthma attacks were exercise-induced asthma 
criteria, as well as reducing FEV1 by 15 % or more 
after a graduated running [8]. The first clinical group 
included 15 schoolchildren suffering from severe 
asthma, which met the specified criteria, the second 
clinical group (comparison one) consisted of 31 chi-
ldren suffering from severe type of the disease, with 
no signs of exercise-induced bronchoconstriction. 
For the main clinical characteristics the groups were 
comparable. For instance, the average age of chil-
dren in the first clinical group was 12,2±0,9 years, 
and in the second clinical group – 12,8±0,5 years 
(p>0,05), more than half of the patients in both gro-
ups were boys (60,5 % and 58,1 % in the first and 
second groups, respectively, rφ>0,05) and rural resid-
ents (60,5 % and 45,1 % in the first and second gro-
ups, respectively, rφ>0,05). All the children received 
an amount of anti-inflammatory treatment equivalent 
to severity and control, defined by current standards 
of care [9].  
Airway hyperresponsiveness was assessed accord-
ing to the results of bronchoprovocation testing with 
histamine by determining bronchial hypersensitivity to 
stimuli while calculating the provocation concentration 
(PC20H) and dose (PD20H) [11-12].  
Bronchial inflammation intensity was determin-
ed by the content of metabolites of nitrogen monox-
ide in the expiratory condensate by Yemchenko N.L. 
[13]. 
The type of bronchial inflammation was deter-
mined by the results of sputum cytology obtained by 
induction using serial dilution of hepertonic sodium 
chloride; after a previous inhalation of a short-acting 
bronchodilator (salbutamol 200 mcg) we received 
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sputum. Eosinophilic inflammation in the bronchi 
was diagnosed with 3 % or more eosinophilic leuko-
cytes in the sputum. In patients with lower content of 
eosinophils in sputum chronic airway inflammation 
was regarded as non-eosinophil one [14, 15]. 
For the results matching normal distribution, we 
determined the arithmetic mean of the sample (M), 
the value of the standard deviation (s) and standard 
error (m), maximum and minimum values. In asses-
sing the reliability of difference between the rates, 
we did Student's t-test. As a reliable difference was 
taken that p<0,05. The assessment of event impleme-
ntation risk was conducted taking into account the 
reliability of relative risk (RR) index, and attribute 
risk (AR) and odds ratios (OR), as well as their con-
fidence intervals [16].  
Results and discussion. Inflammation figures 
reflected the type and intensity of bronchial infla-
mmation. The type of the inflammatory process was 
established by the results of cytology of induced 
sputum (Table).  
We have found a trend towards relative sputum 
eosinophilia in children with severe exercise-induced 
asthma, compared to the representatives of the sec-
ond clinical group. In particular, eosinophilic infla-
mmation occurred in the majority of schoolchildren, 
suffering from severe exercise-induced asthma 
(60,1 %) and in 47,2 % of those from the comparison 
group (rφ>0,05). Identified differences were confirm-
ed by the analysis of discrete cellular composition of 
induced sputum in particular by reliably greater pro-
portion of schoolchildren of the first clinical group 
(60,1 %) with symptoms of mucospin hypereos-
inophilia (average content of eosinophilic granuloc-
ytes over 8 %) than that of the comparison group 
(17,6 %, rφ<0,05). Thus, the relative risk of hypereo-
sinophilia (>8 %) of the induced sputum against the 
background of severe exercise-induced asthma was 
3,4 (95 % CI 1,2-9,0) at odds ratio 7,0 (95 % CI 1,2-
41,3). Post-test reliability of detection of induced 
sputum hypereosinophilia in children with severe 
exercise-induced asthma, increased by 25 %.  
There was a high activity of the bronchial infla-
mmation process in children in the comparison clini-
cal group, the markers of which were metabolites 
content of nitrogen monoxide in expiratory condens-
ate. For instance, the nitrogen monoxide content of 
metabolites in expiratory condensate of children in 
both clinical groups, turned to be almost the same 
(46,5±5,1 mmol/l and 46,5±3,5 mmol/l in representa-
tives of the first and second groups respectively, 
p>0,05). Thus, indices of inflammation activity are 
likely to reflect the severity of the disease and do not 
depend on the response of the airways to exercise.  
Unlike the inflammation markers, while analyz-
ing bronchial hyperresponsiveness, we found more 
pronounced bronchial hypersensitivity of the airways 
to histamine in schoolchildren, suffering from severe 
exercise-induced bronchial asthma (0,33±0,13 mg/ml 
and 0,71±0,20 mg/ml in representatives of the first 
and second groups respectively, p<0,05).  
The fact that the bronchi of the schoolchildren 
with severe exercise-induced bronchial asthma are 
hyperresponsive is confirmed by a significantly gre-
ater proportion of patients with severe airway hyper-
sensitivity to histamine (PC20H<0,5 mg/ml) among 
the children of the first clinical group (87,5 %) than 
those without phenomena of exercise-induced con-
striction (54,5 %, rφ>0,05). 
Therefore, exercise-induced bronchocon-
striction is associated with an increased risk of sever-
e bronchial hyperresponsiveness to histamine in the 
schoolchildren, suffering from with severe asthma. 
For instance, the relative risk of severe bronchial 
hyperresponsiveness to histamine in children with 
severe exercise-induced asthma was 1,6 (95 % CI 
0,6-55,7), the odds ratio of 5,8 (95 % CI 0,6-55,7). 
Post-test probability of detecting severe bronchial 
hyperresponsiveness to histamine in children with 
symptoms of exercise-induced bronchoconstriction 
suffering from severe asthma, increased by 30,2 %. 
Conclusions 
1. The indices of bronchial inflammation in 
children with severe exercise-induced asthma are 
characterized by a slightly higher proportion of pat-
ients with eosinophilic type of inflammation and by 
hypereosinophilia of induced sputum. 
2. We have established reliably more pro-
nounced airway hypersensitivity to histamine in the 
schoolchildren suffering from severe exercise-
induced bronchial asthma. 
Prospects for further research are to improve 
the effectiveness of treatment of children suffering 
from severe exercise-induced bronchial asthma. 
Література 
1. Monitoring asthma in children / M.W. Pijnenburg,  
E. Baraldi, P.P. Brand // Eur. Respir. J. – 2015. –  
Vol. 10. – P. 2-20. 
Table 
Indices of sputum cellular structure of the surveyed children (M±m) 
Note. Р – reliability criterion by Student’s test  
Cytogram results, % І clinical group ІІ clinical group Р 
Eosinophils 10,0±2,8 6,2±2,3 >0,05 
Neutrophils 55,1±5,2 53,5±5,1 >0,05 
Macrophages 25,1±5,7 32,8±5,9 >0,05 
Lymphocytes 10,1±3,8 8,6±2,3 >0,05 
Epithelial cells 49,7±4,6 43,2±3,8 >0,05 
 27 
Буковинський медичний вісник             Том 21, № 2 (82), ч. 2, 2017 
 
Рецензент – проф. С.В. Сокольник                          Buk. Med. Herald. – 2017. – Vol. 21, № 2 (82), part 2. – P. 25-27 
Надійшла до редакції 06.04.2017 року 
 
2. Levine S.J. Narrative Review: The Role of Th2 Immune 
Pathway Modulation in the Treatment of Severe Asthma 
and Its Phenotypes / S.J. Levine, S.E. Wenzel // Annals of 
Internal Medicine. – 2010. – Vol. 152, № 4. – P. 232-237.  
3. Guilbert T.W. Severe Asthma in Children / T.W.Guilbert, 
L.B. Bacharier, A.M. Fitzpatrick // The J. of Allergy and 
Clinical Immunology. – 2014. – Vol. 2, № 5. – P. 489-
500. 
4. Green R.H. Stability of inflammatory phenotypes in 
asthma / R.H. Green, I. Pavord // Thorax. – 2012. – № 2. 
– P. 46-57. 
5. Exacerbation risk in severe asthma is stratified by inflam-
matory phenotype using longitudinal measures of sputum 
eosinophils / C.J. Walsh, T. Zaihra, Benedett [et al.] // 
Clinical and experimental allergy. – 2015. – № 46. –  
Р. 1291-1302. 
6. Wanrooij V. Exercise training in children with asthma: a 
systematic review / V. Wanrooij, M. Willeboordse,  
E. Dompeling // Br. J. Sports Med. – 2014. – № 48. –  
Р. 1024-1031.  
7. An open-label study examining the effect of pharmacol-
ogical treatment on mannitol- and exercise-induced air-
way hyperresponsiveness in asthmatic children and ado-
lescents with exercise-induced bronchoconstriction / 
S.S. Török, T. Mueller, D. Miedinger [et al.] // BMC Pedi-
atrics. – 2014. – № 14. – Р. 196- 201. 
8. Григола О.Г. Клінічно-спірографічні особливості фе-
нотипу бронхіальної астми фізичної напруги в дітей 
шкільного віку / О.Г. Григола // Вісн. ВДНЗУ «Укр. 
мед. стоматол. академія». – 2013. – Т. 13, № 3. –  
С. 115-118. 
9. Про затвердження та впровадження медико-
технологічних документів зі стандартизації медичної 
допомоги при бронхіальній астмі [Електронний ре-
сурс]: Наказ МОЗ України від 08.10.2013 № 868 // 
Режим доступу: www. document.ua. 
10. Global strategy for asthma management and prevention, 
Revised 2014 [Електронний ресурс] / J.M. FitzGerald, 
E. D. Bateman, J. Bousquet [et al.] // Режим доступу: 
www.ginasthma.org. 
11. Juniper E.F. Histamine and Methacholine inhalation tests / 
Juniper E.F., Cockcroft D.W., Hargreave F.E. – Lund, 
Sweden, 1994. – 51 p. 
12.  Новик Г.А. Спирометрия и пикфлоуметрия при брон-
хиальной астме у детей (практика оценки и монито-
ринга): уч. пособие [под ред. проф. И.М. Воронцова] / 
Г.А. Новик, А.В. Боричев. – СПб.: ГПМА, 2007. – 68 с. 
13.  Емченко Н.Л. Универсальный метод определения 
нитратов в биосредах организма / Н.Л. Емченко, О.И. 
Цыганенко, Т.В. Ковалевская // Клин. и лаб. диагност. 
– 1994. – № 6. – С. 19-20. 
14.  Wenzel S.E. Asthma phenotypes: the evolution from 
clinical to molecular approaches / S.E. Wenzel // Nature 
Medicine. – 2012. – № 18. – P. 716-725. 
15. Lemière C. The Use of Sputum Eosinophils in the Evalua-
tion of Occupational: Use of Sputum Eosinophils as Early 
Markers for Occupational Asthma or as Prognostic Fac-
tors in Subjects with Occupational Asthma Removed / 
C.Lemière // Curr. Opin. Allergy Clin. Immunol. – 2004. 
– Vol. 4, № 2. – Р. 22-26. 
16. Біостатистика: [за ред. проф. В.Ф. Москаленка]. – К.: 
Книга плюс, 2ё009. – 184 с. 
ОСОБЕННОСТИ ТЯЖЕЛОЙ БРОНХИАЛЬНОЙ АСТМЫ У ДЕТЕЙ  
С БРОНХОСПАЗМОМ ФИЗИЧЕСКОГО НАПРЯЖЕНИЯ 
Н.Н. Гарас, Г.В. Лехкун, В.В. Лысенко, Н.В. Басюк 
Резюме. На основании комплексного обследования 46 школьников, страдающих тяжелой персистирующей 
бронхиальной астмой, установлено, что большинство детей с фенотипом астмы физического напряжения характе-
ризовалась гиперэозинофилией мукоспина (среднее содержание эозинофилов индуцированной мокроты более 
8 %), по сравнению с детьми, страдающих тяжелой бронхиальной астмой без признаков бронхоспазма физического 
напряжения. Также установлена выраженная гиперчувствительность дыхательных путей к гистамину у школьни-
ков, больных тяжелой бронхиальной астмой физического напряжения, что подтверждается достоверно большей 
долей пациентов с тяжелой гиперчувствительностью дыхательных путей к гистамину (ПК20Г<0,5 мг/мл) среди 
школьников с признаками бронхоспазма физического напряжения, чем среди детей без явлений конструкции физи-
ческого усилия. 
Ключевые слова: дети, бронхиальная астма физического напряжения, воспаление бронхов, гипервосприим-
чивость дыхательных путей. 
ОСОБЛИВОСТІ ТЯЖКОЇ БРОНХІАЛЬНОЇ АСТМИ У ДІТЕЙ  
З БРОНХОСПАЗМОМ ФІЗИЧНОЇ НАПРУГИ 
М.Н. Гарас, Г.В. Лехкун, В.В. Лисенко, Н.В. Басюк 
Резюме. На підставі комплексного обстеження 46 школярів, які хворіють на тяжку персистувальну бронхіаль-
ну астму, установлено, що більшість дітей із фенотипом астми фізичної напруги характеризувалася гіпереозинофі-
лією мукоспіну (середній вміст еозинофілів індукованого мокротиння більше 8 %), порівняно з пацієнтами, що 
хворіють на тяжку бронхіальну астму без ознак бронхоспазму фізичної напруги. Також встановлена виразніша 
гіперчутливість дихальних шляхів до гістаміну у школярів, хворих на тяжку бронхіальну астму фізичної напруги, 
що підтверджується вірогідно більшою часткою пацієнтів із тяжкою гіперчутливістю дихальних шляхів до гістамі-
ну (ПК20Г<0,5 мг/мл) серед школярів з ознаками бронхоспазму фізичної напруги, ніж серед дітей без явищ конс-
трукції фізичного зусилля. 
Ключові слова: діти, бронхіальна астма фізичної напруги, запалення бронхів, гіперсприйнятливість дихаль-
них шляхів. 
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